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(57) ABSTRACT 

An interactive book reading system (600) responsive to a 
human finger presence. The system (600) includes a radio 
frequency (RF) scanning circuit (675), a control circuit (610), 
a memory (615) and an audible output device (650). The RF 
scanning circuit (675) is configured to detect the presence of 
the human finger when the finger enters an RF field generated 
by the RF scanning circuit (675). The control circuit (610) and 
the memory (615) are in communication with the RF scan 
ning circuit (675). The memory (615) stores a plurality of 
audible messages. The audible output device (650) is also in 
communication with the control circuit (610). The audible 
output device (650) outputs at least one of the audible mes 
sages based on an analysis of the RF field performed by the 
control circuit (610) when the finger enters the RF field. 

29 Claims, 15 Drawing Sheets 
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INTERACTIVE BOOK READING SYSTEM 
USING RF SCANNING CIRCUIT 

This is a continuation of International Application No. 
PCT/US02/14745, filed May 10, 2002, which claims priority 
from U.S. Provisional Patent Application No. 60/290,444, 
filed May 11, 2001. 

BACKGROUND OF THE INVENTION 

Electronic early-learning readers are well known and have 
been employed for many years as teaching aids and entertain 
ment devices. Many of the first readers developed used indi 
vidual cards with words and/or graphics printed on each card. 
These readers use microcontrollers with software that map 
the contents of each card individually. The words or graphics 
printed on the card were associated with stored sounds and 
sound effects located in memory. Selection of a word or 
graphic printed on the card by the user would generate the 
associated audio Sound from the interactive book reading 
system. The typical association would be for the reader to 
audibly pronounce the selected word or letter printed on the 
card. 
Most of the first early-learning reading devices employed a 

panel array of membrane Switches. The membrane Switches 
which were arranged to match the content on the cards. The 
cards were placed on the reading device and a method of card 
identification was employed so that the reader knew which 
card was on the device. The card identification methods var 
ied from optical card sensing through manual input. Manual 
input methods such as pushbutton Switches are most common 
in that they are less expensive to produce and reduce the 
complexity of the device. A common method of card or page 
identification is to select the card or page placed on the reader 
by pressing on a spot located on the card that is unique to that 
card. Selection of a word, letter or graphic printed on the card 
was accomplished by forcibly pressing down on the selected 
word, letter or graphic to close the membrane switch located 
under the card. The microprocessor would then produce the 
associated audio through an audible output device (e.g., 
speaker) in the housing of the reading device. 
Many systems have been developed that use this basic 

technique of printed word, letter or graphic association with 
stored audio Sound files. Texas Instruments produced many 
Such membrane panel Switch contact early-learning readers 
in the early 1980s. Worlds of Wonder produced such a book 
reading system in the mid 1980s that also used the membrane 
Switch system. In some cases the individual cards were bound 
together to make Small books that were placed on the inter 
active book reading system. The major drawback to the mem 
brane Switch system was that the printed cards or book pages 
needed to be verythin and flexible in order to allow the force 
of pressing on the card or book page to be transferred to the 
membrane switches located under the book. The target audi 
ence for these systems were usually toddlers and pre-school 
children who could not easily generate the required force to 
activate the membrane switches particularly when the cards 
were bound together to make books. 

In order to overcome this drawback, new book reading 
systems were developed that used a handheld electronic sty 
lus pointing pen that injected an electronic signal into a 
receiving panel located under the book. Sega introduced Such 
a system in the early 1990s; other companies such as Leap 
Frog have also produced Such handheld pen stylus readers. 
There are a number of major drawbacks to these pen systems. 
Specifically, the pens must be tethered to the system for 
various reasons including powering the electronics of the pen 
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2 
and so that the pen will not get lost. There are other drawbacks 
to the pen system such as the user cannot make simultaneous 
inputs as there is only one pointing device. Another drawback 
to the pen systems is that the user, typically very young, must 
be trained to use the pen whereas the finger selection method 
used by the membrane switch designs is more intuitive for the 
target audience. 

BRIEF SUMMARY OF THE INVENTION 

In one aspect, the present invention is an interactive book 
reading system responsive to a human finger presence. The 
system includes a radio frequency (RF) scanning circuit, a 
control circuit, a memory and an audible output device. The 
RF scanning circuit is configured to detect the presence of the 
human finger when the finger enters an RF field generated by 
the RF scanning circuit. The control circuit and memory are in 
communication with the RF scanning circuit. The memory 
stores a plurality of audible messages. The audible output 
device is also in communication with the control circuit. The 
audible device outputs at least one of the audible messages 
based on an analysis of the RF field performed by the control 
circuit when the finger enters the RF field. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

The foregoing Summary, as well as the following detailed 
description of preferred embodiments of the invention, will 
be better understood when read in conjunction with the 
appended drawings. For the purpose of illustrating the inven 
tion, there is shown in the drawings embodiments which are 
presently preferred. It should be understood, however, that the 
invention is not limited to the precise arrangements and 
instrumentalities shown. In the drawings: 

FIG. 1 is a perspective view of an interactive book reading 
system in accordance with the present invention; 

FIG. 2 is a perspective view of a schematic of the matrix of 
the interactive book reading system of FIG. 1; 

FIG.3 is a perspective view of the interactive book reading 
system of FIG. 1 with a book in a book well of the book 
reading system; 

FIG. 4 is a plan view of a portion of the book placed on the 
matrix of FIG. 3; 

FIG.5 is cross-sectional of several views of a portion of the 
matrix of FIG. 3 with the book having a varying number of 
pages placed thereon; 

FIG. 6 is a schematic block diagram of the electronics of 
the interactive book reading system which includes an RF 
scanning circuit in accordance with the present invention; 

FIG. 7 is a flow chart of the operations performed by the 
electronics of the interactive book reading system of FIG. 6; 

FIG. 8 is a circuit diagram of the control circuit and a 
memory shown in FIG. 6; 

FIG. 9 is a circuit diagram of an input Switching circuit and 
matrix of the RF scanning circuit of FIG. 6; 

FIG. 10 is a circuit diagram of an output Switching circuit 
and the matrix of the RF scanning circuit of FIG. 6; 

FIG. 11 is a circuit diagram of a bandpass processing 
circuit of the circuit of the RF scanning circuit of FIG. 6; 

FIG. 12 is a circuit diagram of the RF oscillator and power 
supply of the circuit of FIG. 6; 

FIG. 13 is a circuit diagram of the On/Off and I/O sub 
circuits of the circuit of FIG. 6; and 

FIGS. 14A and 14B, taken together, show a high-level 
functional flowchart including steps implemented by the cir 
cuit of FIG. 6. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to an interactive book reading 
system responsive to a human fingerpresence. The interactive 
book reading system includes an electromagnetic, in particu 
lar, a radio frequency (RF) scanning circuit configured to 
detect the presence of a human finger when the finger enters 
an RF field generated by the RF scanning circuit. The inter 
active book reading system produces an audible Sound in 
response to a finger touch on a page of a book placed on the 
interactive book reading system within the RF field. This 
early learning device may be targeted to non-reading children 
as a reading aid and entertainment system. Specifically, books 
and software associated with each book are used in the inter 
active book reading system simultaneously. The user places a 
book on the interactive book reading system and then inserts 
a ROM cartridge into the interactive book reading system. 
The interactive book reading system has a non-contact finger 
sensor that can sense the location of a finger when it is placed 
within the active finger sensor area of the RF scanning circuit. 

The finger sensor area is matched to the size of the books 
placed on the interactive book reading system. For instance if 
the books are 12"x8" when open and lying flat then the active 
finger sensor is a flat panel that is approximately 12"x8". The 
non-contact finger sensor of the interactive book reading sys 
tem can sense the presence of a finger at a distance of over 4" 
from the planar surface of the sensor. This Z resolution allows 
the sensor to detect the presence of a finger through a book 
that is up to at least 4" thick. The finger sensor has an X and 
y resolution fine enough to select every word or graphic that 
is printed on the book. 

The software within the ROM cartridge for any specific 
book contains information to produce Sounds and Sound 
effects associated with graphics and printed words within the 
book. The X and y coordinates of any word or graphic on all 
pages of the book are mapped into the ROM cartridge. There 
fore, selecting any text or graphic by simply touching it pro 
duces the audio output associated with the specifically 
selected text or graphic. This information is organized in a 
page-by-page architecture. The user of the system places the 
book on the interactive book reading system, inserts the ROM 
cartridge for that book into the cartridge slot of the interactive 
book reading system and selects the page of the book by 
touching a page number printed on each page of the book, the 
page numbers being printed at different locations on the page. 
The interactive book reading system can then produce an 
appropriate audio output in response to a finger touch on any 
word or graphic on that page of the book. This open architec 
ture allows for infinite books and software to be used in the 
interactive book reading system. 
The interactive book reading system reads every finger 

placed within the sensor. A user can therefore select multiple 
points on the page. This is particularly useful when associat 
ing two points on a given page. Such as, the printed word 
“apple' and the graphic of an “apple'. Touching both simul 
taneously can produce a positive audio output from the inter 
active book reading system. This ability is very helpful for 
teaching associated learning. 

The ability to sense multiple inputs can also be misleading 
for the book reading system in that frequently a user may 
place the whole hand on the book with an extended finger to 
select a word or icon on the page. The interactive book read 
ing system sees the whole hand or any part of the body within 
the sensor area. To compensate for this, the system must 
select the probable input before making an associated audio 
output. The present invention looks at the full array inputs and 
can determine the selected input by applying any of a number 
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4 
of algorithms on the input signature to determine the appro 
priate input. The first algorithm applied when more than one 
input is sensed is called the most northern point algorithm. 
This most northern point algorithm looks for the input that is 
closest to the top of the book, the top of the book being 
associated with north (“N” in FIG. 1), the left, right and 
bottom being associated with west, east and South respec 
tively. Assuming that the user in sitting in front of the unit and 
using a hand to select the word or graphic, it can be assumed 
that the most northern point is associated with the pointing 
finger of the hand. In the event the book-reading sensor can 
not select alone most northern point then the next algorithm 
applied looks for a pointing finger within a cluster of inputs 
generated by placing the full hand on the interactive book 
reading system. A hand with an extended finger creates a 
cluster input that has a single selected point Surrounded on 
three sides by non-selected points protruding from the cluster. 
This algorithm is useful in distinguishing a user placing the 
hand on the interactive book reading system in a direction 
other than the pointer finger pointing north. The aforemen 
tioned algorithms assume that the user places a hand on the 
book with the pointing finger extended and the rest of the 
fingers in a closed position with respect to the palm. 
The interactive book reading system also looks to see if 

there are multiple hands placed on the book as it is possible 
for the user to inadvertently place more than one hand on the 
book. In the event that the sensor of the interactive book 
reading system sees two hands placed on the sensor, it can 
look to see if either input is a lone input or a clearly defined 
most northern point and, if so, it selects this input. If the book 
reading system cannot determine with reasonable accuracy 
the likely input, it generates an audio output to direct the user 
to use “one finger at a time' or any other appropriate state 
ment. 

Referring to the drawings in detail, where like numerals 
indicate like elements throughout, a first preferred embodi 
ment of the interactive book reading system, generally des 
ignated 100, is depicted in accordance with the present inven 
tion. Referring more specifically to FIG. 1, there is shown an 
interactive book reading system 100 without a book inserted 
therein. The interactive book reading system 100 contains a 
Support structure or housing 105 having at least one recessed 
area 110 (e.g., a book well) in which a printed book is 
inserted, an on/off control 115 and volume control 120, a 
speaker 125, and a ROM slot 130 for inserting and removing 
a ROM cartridge 135. 

FIG. 2 shows a matrix 205 (also referred to as a cross-point 
sensor array or proximity sensor array) located just under the 
recessed area 110 of the interactive book reading system 100. 
The matrix 205 is used to sense the location of a finger(s) or 
other human digit(s) that enters an RF field generated by the 
present invention. The matrix 205 shown has a resolution of 
sixteen lines vertical and twenty-four lines horizontal. The 
matrix consists of conductive lines arranged as a plurality of 
spaced apart column conductive lines (also referred to as 
Vertical grid lines) and a plurality of spaced apart row con 
ductive lines (also referred to as horizontal grid lines) trans 
verse to the plurality of column conductive lines. Referring to 
sets of lines as "rows' or “columns' is a convenience. "Rows' 
may run north-South and “columns' may be perpendicular (or 
otherwise transverse) to such “rows’. The column conductive 
lines and the row conductive lines may be separated by an 
electrically insulative plastic sheet such as a Mylar sheet with 
printed conductive lines forming the array. The column con 
ductive lines may be printed on the top of the Mylar sheet and 
the row conductive lines may be printed on the bottom of the 
sheet to provide electrical isolation. The gap between the 
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column and row conductive line planes is relatively inconse 
quential, and thus the conductive lines may be etched on the 
top and bottom of standard printed circuit boards. The most 
important element of the matrix design is to have the column 
and row conductive lines be as narrow as possible to reduce 
the capacitive coupling effect of the traces. The lower capaci 
tive coupling allows the matrix 205 to see changes in the 
radiated pattern of the RF field as far away as four inches. An 
exemplary embodiment of the design limits the column or Z 
resolution of the device to approximately 0.200". The array 
resolution or number of row and column conductive lines can 
be changed without effecting the operation of the matrix 205. 
The exemplary embodiment uses a 6" by 9" matrix 205 with 
row and column conductive lines on 0.375" centers. This 
configuration provides a uniform matrix of sixteen X twenty 
four lines. 
The matrix 205 works by exciting the one set of lines, such 

as the vertical column lines sequentially from one through 
sixteen with a radio signal of approximately 100 kHz at 18 
vac and then reading the coupled radio signal on the horizon 
tal row lines of the matrix 205. The remaining set of lines, the 
horizontal row lines are scanned sequentially from one 
through twenty-four during each excitation of one vertical 
column line. In this manner, each cross-point of the matrix is 
measured individually. The measured value of each cross 
point is stored in RAM memory of a control circuit. When a 
finger or hand is present over the matrix 205, the value of the 
coupled RF signal is reduced at the location of the finger or 
hand over individual cross-points. By comparing Successive 
full scans performed by the matrix 205 for the presence of a 
finger, the precise location of the finger can be determined. 

FIG.3 shows the interactive book reading system 100 with 
a book placed on the matrix of the system and a user selecting 
the work “Ball” with an extended pointing finger. The opera 
tion of the interactive book reading system 100 allows a user 
to select any active area on the page of the book by simply 
pointing to the selected area of the page with a finger. Upon 
selection of this active area, speaker 125 of the interactive 
book reading system 100 outputs an audible message respon 
sive to this selection. By way of example, when the finger 
touches the word “ball, the interactive book reading system 
100 produces a spoken audio output “ball from the speaker 
125. The audible message is generated in direct response to 
the user touching the word “ball. Different audible messages 
would be generated if the user touched other areas of the page, 
for example touching the word “blue” would generate an 
audible message “blue'. Touching the ball graphic on the 
page could produce a Sound of a bouncing ball. Touching any 
areas of the book page that do not have text or graphics could 
either generate a generic sound of a single bell ring to signify 
that there is no audio associated with this area, a generic 
spoken audio output such as “try again” or the input selection 
could simply be ignored. The interactive book reading system 
100 can therefore be used to read the book, create sound 
effects associated with graphics on the book or any other 
activity programmed to be responsive to a finger touch. 

FIG. 4 shows an image of words and graphics printed on a 
page Superimposed on an eight row by nine column matrix. It 
can readily be seen that each word can be mapped to an X and 
y coordinate of the matrix. For instance, the word “ball' is 
located at R5, C4 and R5, C5 of the matrix. This location map 
is stored in ROM along with the associated audible message 
that is played when each cross-point is selected. 

FIG. 5 shows three cross-sections of the matrix 205: 5A, 
5B and 5C. The cross-section drawings show from top to 
bottom a finger 505, pages 510 of a book 305 (at various 
thickness), a plastic spacer 515, a plurality of spaced apart 
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6 
column (vertical) traces 520, a non-conductive (e.g. Mylar) 
sheet 525 and a plurality of spaced apart row (horizontal) 
traces 530 transverse to the plurality of column traces 520. 
The non-conductive sheet 525 separates the column traces 
520 from the row traces 530. 
The plastic spacer 515 is approximately 0.060" to 0.100" 

and is placed on top of the matrix 205 to act as an insulatorso 
that pages 510 of the book 305 are separated from the matrix 
205 by at least this amount. The function of the spacer 515 is 
to reduce the effect of moisture in the pages 510 of the book 
305 from affecting the sensitivity of the matrix 205. The 
matrix 205 is highly affected by moisture in the RF field 
generated by the matrix 205. By separating the pages 510 of 
the book 305 from the matrix 205 by the thickness of the 
plastic spacer 515, the affect of moisture on the matrix 205 is 
greatly reduced. As stated previously, the width and thickness 
of the column traces 520 (vertical columns) and row traces 
530 (horizontal rows) should be kept to a minimum to reduce 
the capacitive effect of each of the cross-points. The thickness 
and composition of the non-conductive sheet 525 has mini 
mal affect on the operation of the matrix 205. 

Each cross-section shows the matrix 205 with various 
thickness of paper placed thereon. Below each cross-section 
is a histogram of the differential signal generated by each 
cross-point when a finger 505 is placed on the pages that are 
over the matrix 205. It can be seen that the closer the finger 
505 is to the matrix 205, the higher the differential signal 
generated by each of the cross-points. The histogram charts 
show the reference level of each cross-point, the peak noise 
leveland the active signal threshold level. The reference level 
is the average signal level generated by each of the cross 
points. The peak noise level is the maximum random noise 
signal that is generated at each cross-point. The active signal 
threshold level is the signal level that a cross-point must 
generate to indicate a finger touch. It can be seen particularly 
in 5A that when any portion of the finger 505 is close to the 
matrix 205, the cross-point generates an active signal. It can 
also be seen that the cross-point with the closest finger 505 
generates the highest signal level. 

FIG. 6 shows a block diagram of an interactive book read 
ing system 600 in accordance with the exemplary embodi 
ment of the present invention. The interactive book reading 
system 600 includes a power supply 605 which converts +3.5 
VDC to +6.5VDC battery power into regulated power levels 
of +5 VDC and analog+5 VDC. The interactive book reading 
system 600 also includes a control circuit 610 which may 
include a general-purpose microcontroller, such as Sun 
plusTM part # SPCE-500A, or the like. The interactive book 
reading system 600 also includes a memory 615 which is in 
communication with the control circuit 610 and may include 
a general-purpose mask ROM. Memory 615 also contains 
program and a bus extender that interfaces the control circuit 
610 to an external ROM (e.g. see ROM cartridge (memory) 
135 in FIG. 1). It should be noted that the SunplusTM control 
lerpart # SPCE-500A contains 512K bytes of program ROM. 
The exemplary embodiment uses internal and/or external 
ROM. When no external ROM is present, internal ROM is 
active. When external ROM is present, the control circuit 610 
can use internal and/or external ROM. Memory 615 stores a 
plurality of audible messages. The interactive book reading 
system 600 also includes an audible output device 650 in 
communication with the control circuit 610. 
The interactive book reading system 600 further includes 

an RF scanning circuit 675 which is in communication with 
the control circuit 610. The RF scanning circuit 675 includes 
an input switching circuit 625, an RF oscillator 620, a matrix 
630, an AC to DC converter 645, a bandpass processing 
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circuit 640, and an output switching circuit 635. The input 
switching circuit 625 is in communication with the control 
circuit 610, the RF oscillator 620 and the column conductive 
lines of the matrix 630. The RF oscillator 620 is in commu 
nication with the input switching circuit 625. The output 
switching circuit 635 is in communication with the control 
circuit 610 and the row conductive lines of the matrix 630. 
The bandpass processing circuit 640 is in communication 
with the control circuit 610 via the AC/DC converter 645, and 
with the matrix 630 via the output switching circuit 635. 

The RF oscillator 620 generates a stable AC voltage 100 
kHz sine wave. The RF oscillator 620 is a current mode power 
signal generator, which generates a sine wave at approxi 
mately 18 VAC. This high voltage sine wave is presented to 
matrix 630 through the input switching circuit 625. The RF 
oscillator 620 also generates stable +18 VDC and +9 VDC 
Voltage Supplies. The invention is not limited to these values. 
As shown in FIG. 9, the input switching operation is per 

formed by input switching circuit 625 which includes 2, 
CD4051, 8 channel analog multiplexers 905,910. The input 
switching circuit 625 receives the RF signal generated by the 
RF oscillator 620 and sequentially routes the RF signal gen 
erated by the RF oscillator 620 to each of the column con 
ductive lines of the matrix 630 according to a predetermined 
input sequence as directed by a first control signal 655 out 
putted by control circuit 610 and received by input switching 
circuit 625. The control signal 655 instructs the input switch 
ing circuit 625 to select one of 16 column conductive lines 
sequentially through four select lines. 
The matrix 630 is organized in a sixteen column by twenty 

four row configuration. The array size is 6'x'9" with line 
spacing of 0.375" on center. The array construction uses a 
Mylar sheet substrate with printed conductive horizontal 
(row) and vertical (column) lines. Coupled RF signals 
received from a specific column conductive line by the row 
conductive lines are outputted according to a predetermined 
output sequence as directed by a second control signal 660 
outputted by control circuit 610 and received by output 
switching circuit 635. The output switching circuit 635 
selects one of the twenty-four rows and presents this output to 
bandpass processing circuit 640. The control circuit 610 out 
puts a control signal 660 to select one of twenty-four rows 
sequentially through six select lines. 
As shown in FIG. 10, the output switching operation is 

performed by output switching circuit 635 which includes 
three, 74HC4051, eight channel analog demultiplexers 1005, 
1010, 1015. The output switching circuit 635 runs at a syn 
chronized rate that is twenty-four times faster than the input 
switching circuit 625. Therefore, when each column conduc 
tive line is selected by the input switching circuit 625, the 
output switching circuit 635 individually and sequentially 
selects one of twenty-four rows until the entire array has been 
selected. 
The bandpass processing circuit 640 includes a 100 kHz 

bandpass amplifier and bandpass filter. The bandpass pro 
cessing circuit 640 has a very selective low noise gain of 500 
at approximately 100 kHz. This is necessary because the 
amplitude of the coupled RF signals received by bandpass 
processing circuit 640 from output switching circuit 635 is 
very small, typically less than 5 millivolts (MV). The band 
pass processing circuit 640 amplifies and filters the coupled 
RF signals, and routes the amplified and filtered coupled RF 
signals to the control circuit 610 for analysis. 
The RF scanning circuit 675 also includes an AC to DC 

converter 645. The AC to DC converter 645 is in communi 
cation with the control circuit 610 and the bandpass process 
ing circuit 640. The AC to DC converter 645 transforms the 
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8 
peak of the amplified and filtered coupled RF signals received 
from bandpass processing circuit 640 to DC level signals and 
routed to control circuit 610. The representative DC level of 
each cross-point is stored in a random access memory (RAM) 
of the control circuit 610 to determine the presence or absence 
of a finger over each cross-point. 

FIG. 7 is a flowchart representing the operations performed 
by control circuit 610 to sense the proximity of a human finger 
when it enters an RF field generated by RF scanning circuit 
675 of the interactive book reading system 600. Initially, the 
control circuit 610 reads and stores all of the values of the 
matrix 630 without a human presence in the RF field to obtain 
a reference value for each cross-point (step 705). Successive 
scans of the matrix 630 are compared to the reference values 
to determine the proximity of a human finger or other digit. 
One method implemented to ensure that the initial refer 

ence Scan operation is done without a human digit penetrating 
the RF field is to have the control circuit 610 take the initial 
readings when an interactive book reading system incorpo 
rating the present invention is in a “closed’ position. FIG. 1 
shows a representative embodiment of the interactive book 
reading system with a center hinge. A Switch is activated 
when the hinge is closed, thus allowing the control circuit 610 
to know when the interactive book reading system is in the 
closed position allowing error free initialization. There are 
other techniques that may be employed to ensure an error-free 
reference Scan, Such as reading the initial cross-point values 
during manufacturing the interactive book reading system 
and storing them in Flash ROM. 

After the initial values are stored, the matrix 630 is con 
tinually scanned and the results are compared with the refer 
ence values (step 710). If any individual cross-point values 
have a differential value from the reference values that are 
greater than a predetermined amount, the control circuit 610 
determines if this difference value is high enough to indicate 
the presence of a valid human digit input. To make this deter 
mination, the control circuit 610 calculates a threshold value 
based on the highest difference value of each row conductive 
line scanned (step 715). The highest value of each row con 
ductive line is summed together and divided by the number of 
row conductive lines to achieve this dynamic threshold value. 
The threshold value is dynamic for each scan due to the fact 
that the human digit can be as far away as four inches, which 
can influence the readings outputted by matrix 630. This 
dynamic threshold level ensures that the algorithm does not 
see inadvertent inputs from hands or body parts hovering 
above the matrix 630. Once the value is calculated, the control 
circuit 610 looks to see if any cross-point values are above the 
threshold (step 720). If so, the algorithm then looks at the 
signature of the inputs to determine which cross-point has 
been activated. 
The matrix 630 can clearly see a single point activation 

using an extended pointer finger (i.e., a human digit) with 
cross-points on 0.375" centers. One finger makes one cross 
point differential value substantially higher than all others, 
thus eliminating the need to find the centroid of input as 
would be required if the array resolution was substantially 
Smaller that a typical finger pad. If a single point is seen (step 
725), then the control circuit 610 analyzes the coordinates of 
the input and plays a corresponding audio file retrieved from 
memory 615 that is associated with this input. If, on the other 
hand, the input signature is not a clearly defined single input, 
then the control circuit 610 looks at the input signature from 
any number of algorithms to determine the correct coordi 
nate. 

One algorithm looks to see if there is a defined most north 
ern point (step 730). North (“N”) is defined as the top of the 
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interactive book reading system as shown in FIG. 1. From 
testing it was noted that in many cases a user would place the 
full hand on the matrix 630 with the pointerfinger extended to 
the word, letter or graphic being selected. As the interactive 
book reading system is designed for the user to sit in front of 
the system, the condition of a finger pointing north is com 
mon. When a clearly defined north point is seen, the coordi 
nate for this point is processed by the control circuit 610. 

If a most northern point cannot be resolved, then the algo 
rithm looks to see if there is a clearly defined single point 
protruding from a cluster of inputs (step 735). This condition 
indicates that the user may be pointing from an off angle with 
respect to the book or a second user Such as a parent sitting off 
to the side of in front of the interactive book reading system is 
making the selection. In this case, the control circuit 610 
processes the lone protruding point from the cluster of inputs 
(steps 750, 755). 

If none of the above mentioned conditions holds true, then 
the control circuit 610 analyzes undefined input data derived 
from an undefined input (steps 740, 745) and prompts the user 
to use one finger to make the selection. This algorithm is 
designed to accept real world selection parameters of the 
target audience using a finger to select an input on a very 
sensitive finger-reading device. 
FIG.8 shows a schematic of the interconnections between 

the control circuit 610 and memory 615 (which may include 
ROM cartridge 135 which is inserted and removed from 
ROM slot 130). The control circuit 610 sends control signal 
655 to input switching circuit 625 via connector JP11. The 
control circuit 610 also sends control signal 660 to output 
switching circuit 635 via connector JP12. 

FIG. 11 shows a schematic of bandpass processing circuit 
640 according to the present invention. The bandpass pro 
cessing circuit includes a filter section and an amplifier sec 
tion. The coupled RF signals on the row conductive lines of 
matrix 630 have a very small amplitude, (e.g., 5 mV or less), 
and the matrix 630 is a high impedance source. An overall 
gain of 500 at approximately 100kHz and an input impedance 
of approximately 500K ohms is desired for the amplifier 
section. This is a gain bandwidth product of 50 MHz with a 
low noise requirement. Very few op-amps can do this, and 
those that can are very expensive. Forthese reasons, a discrete 
transistor design must be used. The number of transistors 
must be kept to a minimum to keep the noise factor low. 
An input impedance buffer including Q4 has a 500K ohm 

input impedance and is designed to work with the 2.5V bias 
coming from the matrix 630. Resistor RP1 sets the DC bias, 
and RP2 sets the AC gain to about 3. The R38 and C8 com 
bination isolate any power rail noise from getting to Q4 and 
Q5. 
The first gain stage includes transistor Q5 which gives the 

first stage of gain at about 6.5. Adjustment potentiometerVR1 
sets the overall AC gain for the amplifier section. The capaci 
tors CP1 and CP2 allow gain at the 100 kHz frequency to 
amplify and cause a lower frequency roll offstarting at around 
70 kHz to keep unwanted frequencies out of the amplifier. The 
60 HZhum and its harmonics are the largest signals to avoid 
and can be 1000 times larger than the desired signals. The DC 
level at the collector of Q5 vary with component values and 
temperature. The use of R38 limits these variations to +/-0.5 
V and C2 is used to isolate these variations from the next 
Stage. 
The filter section uses an L-C bandpass filter to get high 

gain, moderate Q, and very low noise. This filter must also be 
adjustable by a ferrite slug in the potentiometer core, L1. The 
capacitors C4 and C3 give a coarse and fine adjustment of the 
resonant frequency respectively. The resistor R42 kills the Q 
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of the circuit to make it less sensitive to variances in the 100 
kHZsource frequency. It also limits the AC gain to about four. 

Impedance Buffer Q10 is a transistor that provides a high 
drive capability at TP1 and also prevents loading of the L-C 
tank circuit L1, C3, and C4. The DC bias of Q6 and Q10 is set 
by R39 and R40 and is unaffected by other sections. The 
signal at the emitter of Q10 is set to an average of 2.4V 
peak-to-peak (P-P) of 100 kHz sine wave by VR1. 
The AC to DC converter 645 operates at a frequency of 100 

kHz and includes transistors Q7, Q8, Q9, and Q11. Once the 
coupled RF signals have been amplified and filtered, it is 
necessary to transform the amplified and filtered RF signals to 
DC level signals. The amplitude of the DC level signals vary 
as the cross-points of the matrix 630 are scanned. Thus, the 
AC to DC converter 645 must have a rapid response. The DC 
output of the AC to DC converter tracks a positive amplitude 
change within several cycles, and tracks a negative amplitude 
change in about ten cycles of 100 kHz. 
A TempCobias circuit includes transistor Q7 which is a 

voltage (Vbe) multiplier that takes the base to emitter voltage 
of Q7 and doubles that at its collector. This 1.2V reference 
varies with temperature. The other transistors in the circuit 
would be affected by ambient temperature such that as the 
temperature increased, then the DC level at TP2 would 
increase. The Q7 reference decreases by the amount neces 
sary to keep the DC level at TP2 constant with temperature. 
A peak rectifier section includes transistors Q8 and Q9. 

The signal at TP1 is DC isolated by C11. A new DC level is 
provided by the TempCobias circuit at 1.2V such that the AC 
signals bottom peak is at ground and the positive peak is at 
2.4 volts. Transistor Q8 uses the positive peak to charge C6 
through R48. Resistor R48 sets the “attack time” of the AC to 
DC converter. The discharge time or “hold time' for C6 is set 
by R49. The signal at the emitter of Q9 goes from Zero volts 
to about 0.6 volts for all of the conditions likely to be present 
in the array. 
A DC gain section is used because the control circuit 610 

requires a larger Voltage Swing to work with. Transistor Q11 
takes this 0.6-volt Swing and increases it to a 4 volt Swing. 
Transistor Q11 is called a current mirror and the actual volt 
age of ANALOG VCC does not affect the output DC level. 
The adjustment potentiometerVR2 is set so that a 2.4V peak 
to-peak (P-P) signal at TP1 causes a 3.0V DC level at TP2. 
The RF oscillator 620 provides a 100 kHz sine wave to the 

array. The signals coming off of the matrix 630 are very small. 
In order for these signals not to get lost in the noise, it is 
important that the 100 kHz provided to the matrix 630 is as 
large as possible. The power supply 605 includes an input 
battery supply voltage range that is 3.5V to 6.5V. The 
CD4051 multiplexer ICs used in the input switching circuit 
625 have a max limit of 20V. The 100 kHZ, 18 VAC sine wave 
signal outputted by RF oscillator 620 must be regulated for 
optimal performance of the system. 

FIG. 12 shows the RF oscillator 620 which includes a 
comparator, U1A, an LM393, that is the primary oscillator. 
Aspin 1 Switches to BAT+6V and ground the reference to pin 
3 is shifted. A phase-delayed version of this is provided to pin 
2 by R9, R10, and C9. This would cause a 100 kHz square 
wave oscillation if L1 were shorted and C7 were removed. 
The addition of L1 and C7 makes this a resonant oscillator. 
The frequency of peak amplitude is set by the actual values of 
L1 and C7. This can be anywhere from 95 kHz to 105 kHz. 
The R10 potentiometer adjusts the primary oscillator to this 
natural resonant frequency so that the Voltage at C7 is at a 
maximum peak-to-peak voltage. Notice that the feedback to 
R5 and R9 comes from C7 so that the phase of the oscillating 
sine wave is used in the function of the primary oscillator. 
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This helps keep the frequency at maximum amplitude even as 
changes in inductance, capacitance, and temperature occur. It 
is important for C7 to be a Mylar capacitor, both for tempera 
ture stability and for low impedance and therefore high Q. 
A voltage multiplier includes diodes D1, D3, D4, D5 and 

capacitors C1, C3, C4, C8. Even at a 3.5V battery voltage, the 
square wave at Q1 emitter is only 3V, but the sine wave at C7 
is 10V peak-to-peak due to Q multiplication. The first stage of 
the multiplier does a peak-to-peak rectification to +9V DC at 
the cathode of D4. The next stage doubles this to +18V at 
VDD-18V. 
A regulation loop is used to optimize system performance 

by insuring that both the sine wave and the +18V are well 
regulated. This is accomplished by Zener D2, resistor divider 
R7 and R11 and Q3. As the +18V increases, the Zener D2 
conducts. As the Voltage on the base of Q3 increases to a 
0.65V threshold, the collector drop pulls down the upper 
voltage limit of the square wave driven to Q1 emitter. The 
peak level of this square wave determines the peak-to-peak 
level of the sine wave at C7, which in turn sets the level of the 
+18V. So the action of D2 and Q3 regulates both the +18V and 
the peak-to-peak value of the 100 kHZ sine wave at the same 
time. 

For the 100 kHz sine wave power driver, the highest voltage 
sine wave is 10V peak-to-peak. The action of Q2 and Q4 
amplify this to 18V peak-to-peak, but this is a current ampli 
fier so the actual level is completely dependent on the imped 
ance that it is driving. This is very important because it lets us 
set the amplitude that is placed on each column individually. 
The matrix 630 is never perfectly uniform, but levels received 
off of the matrix 630 should be as uniform as possible. A bias 
resistor may be placed at the +9V node from each column 
driver Mux. These values are then adjusted to equalize the 
array so all columns are received at the same level even if their 
actual geometries are slightly different. 
The capacitors C2 and C5 are low impedances at 100 kHz 

but couple and DC isolate the sine wave from C7. The resistor 
R12 to R2 and R13 sets up a divider such that 1.65 V AC is at 
the bases of Q2 and Q4. The bias string of R2, R6, and R13 
provide 0.65V of bias to these two transistors. So there is a 
small bias current flowing from the collector of Q2 to the 
collector of Q4 even before the AC signal is applied. The 
positive half cycle of the 100 kHz, shows up as a 1 Volt peak 
half cycle on R14. This causes a current of 1.5 ma peak 
through Q4 collector to ground. Similarly the negative half 
cycle shows up on R3 and Q2 sources 1.5 ma from VDD 
+18V. Thus, a current mode sine wave is present to the array 
at JP1 Pin 2 that is out of phase with the C7 voltage and can be 
varied from 18V down to 14V or less depending on the 
impedance selected after the Mux switch to the +9V node. 
A regulated voltage (+5V) may be used for the control 

circuit 610 and the bandpass processing circuit 640. To isolate 
these two circuits, an R-C network of 100 ohms and 10ufmay 
be used. The required regulated Voltage sits right in the 
middle of the 3.5V to 6.5V battery supply voltage range. 
There are no simple converter techniques for this situation. A 
flyback or “boost' type of switching converter is used to 
regulate the voltage. First, the +6V battery is attenuated to a 
voltage near 3V and then it is boosted to +5V and is regulated 
to that value by controlling the 3V level. So that it is a linear, 
the regulator is followed by a switching converter. The com 
parator section U1B uses the ramp waveform from U1A to 
make a 100 kHz square wave that is approximately a 50% 
duty cycle. This is always applied directly to Q8. The current 
is drawn through L2 as Q8 conducts and the energy stored in 
L2 flies back and is dumped onto C11 as Q8 turns off. The 
amount of energy that is stored and transferred to C11, and 
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hence the voltage on C10, determines the output voltage. R15 
and Q6, and the current drawn to ground by Q7, determine the 
voltage on C10. The Zener D8 looks at the voltage on C11 and 
conducts to resistive divider R19 and R21. When C11 is near 
+5 V then Q7 starts to conduct. As it conducts, it pulls down on 
R15 and the voltage on C10 is reduced. This in turn reduces 
the Voltage on C11 and a complete regulation loop is 
achieved. The inductor LP2 and CP1 reduce switching ripple 
on the output. 

FIG. 13 shows a schematic of On/Off and I/O sub-circuits 
which interface with connector JP4 of the circuit in FIG. 12. 
When power is applied by switching on switch S1, LED D11 
is illuminated and power from battery BT1 is allowed to flow 
through connector JP4. 

FIGS. 14A and 14B summarize an example of how the 
present invention operates in accordance with the exemplary 
embodiment of the present invention. Referring to FIG. 14A, 
in step 1405, a book 305 (see FIG. 3) is placed on the inter 
active book reading system 100 (see FIG. 3). In step 1410, 
control circuit 610 directs the input of an RF signal generated 
by RF oscillator 620 into a specific column conductive line of 
matrix 630 according to a predetermined input sequence by 
outputting a first coordinated control signal 655 to the input 
switching circuit 625. In step 1415, control circuit 610 directs 
the outputting of coupled RF signals received from the spe 
cific column conductive line by the plurality of row conduc 
tive lines according to a predetermined output sequence by 
outputting a second coordinated control signal 660 to the 
output switching circuit 635. The coupled RF signals provide 
position information on the proximity of the human finger. In 
step 1420, the control circuit 610 monitors and stores one or 
more electrical characteristics of the resulting coupled RF 
signals. Steps 1410, 1415 and 1420 are then repeated for each 
of the column conductive lines of matrix 630. Once it is 
determined that a complete scan sequence was executed, 
whereby the RF signal is input into each conductive line of 
matrix 630 (step 1425), the control circuit 610 performs an 
analysis on the electrical characteristics of the coupled RF 
signals (step 1430), and retrieves one or more audible mes 
sages from the memory 615 based on the analysis (step 1435). 
In step 1440, an audible output device 650 outputs audible 
messages retrieved from the memory 615 by the control cir 
cuit 610. 

Referring to FIGS. 6 and 14B, in step 1455, the RF oscil 
lator 620 outputs an RF signal to the input switching circuit 
625. In step 1460, the input switching circuit 625 directs the 
RF signal to the column conductive lines of matrix 630 
according to the predetermined input sequence. In step 1465. 
the output Switching circuit directs the coupled RF signals to 
the bandpass processing circuit 640 according to the prede 
termined output sequence. In step 1470, the bandpass pro 
cessing circuit 640 filters and amplifies the coupled RF sig 
nals, and directs the filtered and amplified coupled RF signals 
to the AC to DC converter 645. In step 1475, the AC to DC 
converter 645 transforms the filtered and amplified coupled 
RF signals to DC level signals, and directs the DC level 
signals to the control circuit 610. In step 1480, the control 
circuit monitors and stores the level of the DC level signals in 
a memory within the control circuit 610. 

It will be appreciated by those skilled in the art that changes 
could be made to the embodiments described above without 
departing from the broad inventive concept thereof. For 
example, the present invention can be used with books to 
sense the location of a human finger or other digit without 
contacting the surface of the matrix 630 beneath the book. It 
should be appreciated that the RF scanning circuit 675 can be 
used directly, for example, without a book or card or sheet, but 
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with indicia formed or printed on an upper surface over the 
circuit with software responsive to the designation of differ 
ent locations on the Surface by touching or nearly touching the 
location on the Surface. In this way, the RF scanning circuit 
675 of the present invention could be used in place of other 
conventional touch screens in other book reading systems as 
well as in other educational and entertainment systems. It is 
understood, therefore, that this invention is not limited to the 
particular embodiments disclosed, but it is intended to cover 
modifications within the spirit and scope of the present inven 
tion as defined by the appended claims. 
What is claimed is: 
1. An interactive book reading system responsive to a 

human finger presence, the system comprising: 
(a) a radio frequency (RF) scanning circuit configured to 

detect the presence of a human finger when the finger 
enters an RF field generated by the RF scanning circuit; 

(b) a control circuit in communication with the RF scan 
ning circuit; 

(c) a memory in communication with the control circuit 
(610), the memory storing a plurality of audible mes 
Sages; and 

(d) an audible output device in communication with the 
control circuit, wherein the audible output device out 
puts at least one of the audible messages based on an 
analysis of the RF field performed by the control circuit 
when the finger enters the RF field; 

wherein the control circuit is configured to analyze and 
Select as a probable user input a single probable human 
finger presence from among a plurality of possible 
human finger presences detected simultaneously by the 
Scanning circuit; 

wherein the Scanning circuit includes a matrix of conduc 
tive lines arranged as a first plurality parallel to and 
spaced apart from one another and a second plurality 
oriented transversely to the first plurality of conductive 
lines, the second plurality being parallel to and spaced 
apart from one another and separated from the first plu 
rality of conductive lines by an electrically insulated 
layer; 

wherein the matrix has a preferred orientation with a side 
most proximala user designated as a Southern side of the 
matrix and a side opposite from and most distal to the 
user and to the Southern side designated as a northern 
side of the matrix; and 

wherein the control circuit is configured to select from 
among the plurality of possible human finger presences 
sensed simultaneously by the scanning circuit, a single 
most northern possible human finger presence as the 
probable user input. 

2. The interactive book reading system of claim 1 wherein 
the RF scanning circuit further comprises an RF oscillator 
which generates the RF signal that is input into the specific 
column conductive line. 

3. The interactive book reading system of claim 2 wherein 
the RF scanning circuit further comprises an input Switching 
circuit in communication with the control circuit, the RF 
oscillator and the column conductive lines of the matrix, the 
input Switching circuit receiving the first coordinated control 
signal from the control circuit and the RF signal generated by 
the RF oscillator, the input Switching circuit sequentially 
routing the RF signal generated by the RF oscillator to each of 
the column conductive lines according to the predetermined 
input sequence. 

4. The interactive book reading system of claim 2 wherein 
the RF scanning circuit further comprises an output Switching 
circuit in communication with the control circuit and the row 
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conductive lines of the matrix, the output Switching circuit 
receiving the second control signal from the control circuit 
and the coupled RF signals, the output Switching circuit 
sequentially outputting the RF coupled signals according to 
the predetermined output sequence. 

5. The interactive book reading system of claim 1 wherein 
the RF scanning circuit further comprises abandpass process 
ing circuit in communication with the control circuit and the 
matrix, the bandpass processing circuit amplifying and filter 
ing the coupled RF signals, and routing the amplified and 
filtered coupled RF signals to the control circuit for analysis. 

6. The interactive book reading system of claim 5 wherein 
the amplified and filtered coupled RF signals are AC voltage 
sine wave signals. 

7. The interactive book reading system of claim 5 further 
comprising an AC to DC converter in communication with the 
control circuit and the bandpass processing circuit, wherein 
the AC to DC converter transforms a peak of the amplified and 
filtered coupled RF signals to DC level signals. 

8. The interactive book reading system of claim 5 wherein 
the bandpass processing circuit includes abandpass filter and 
a bandpass amplifier. 

9. The interactive book reading system of claim 1 wherein 
the control circuit includes a microcontroller. 

10. A method of using the interactive book reading system 
of claim 1 responsive to the presence of a human finger, the 
method comprising the steps of 

(a) detecting the human finger as the finger enters an RF 
field generated by the scanning circuit of the reading 
system; and 

(b) outputting at least one of a plurality of stored audible 
messages based on an analysis of the RF field when the 
finger enters the RF field. 

11. The method of claim 10 wherein the first plurality of 
conductive lines are arranged as a plurality of spaced apart 
column conductive lines extending between the northern and 
southern sides of the matrix and wherein the second plurality 
of conductive lines are arranged as a plurality of spaced apart 
row conductive lines generally perpendicular to the plurality 
of column conductive lines, and wherein step (a) further 
comprises: 

(a)(i) inputting an RF signal into a specific one of the 
plurality of column conductive lines according to a pre 
determined input sequence; 

(a)(ii) outputting coupled RF signals received from the 
specific column conductive line by the plurality of row 
conductive lines according to the predetermined output 
sequence; and 

(a)(iii) repeating steps (a)(i) and (a)(ii) for each of the 
column conductive lines. 

12. The method of claim 11, further comprising analyzing 
one or more electrical characteristics of the coupled RF sig 
nals after the RF signal is input into all of the column con 
ductive lines. 

13. The method of claim 11, further comprising: 
(c) amplifying and filtering the coupled RF signals; and 
(d) transforming a peak of the amplified and filtered 

coupled RF signals to DC level signals. 
14. The method of claim 11 wherein the inputting step 

comprises providing the RF signal at a predetermined fre 
quency to input into the specific one of the plurality of column 
conductive lines and wherein the outputting step further com 
prises outputting only coupled RF signals at the predeter 
mined frequency for the detecting step. 

15. The method of claim 11 further comprising the steps of 
storing a DC peak of the received RF signals from each of the 
column conductive lines for each row conductive line and 
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thereafter comparing the stored DC peak of the received RF 
signals with a DC peak of the subsequently received RF 
signals from the same row conductive line-column conduc 
tive line pairs to locate a detected human figure with respect 
to the matrix. 

16. The interactive book reading system of claim 1 wherein 
the control circuit is further configured to select from among 
a plurality of possible human finger presences detected at 
least generally simultaneously by the Scanning circuit as a 
probable user input, a single sensed possible human finger 
presence that extends from and yet adjoins on one side a 
cluster of the plurality of possible human finger presences 
sensed by the Scanning circuit, wherein the single sensed 
possible human finger presence that extends need not be the 
single most northern possible human presence sensed. 

17. The interactive book reading system of claim 1 wherein 
the control circuit is further configured to select from among 
the plurality of stored audible messages an audible message 
instructing the user to make another selection if the control 
circuit is unable to select the probable user input from among 
a plurality of possible human finger presences sensed at least 
generally simultaneously by the scanning circuit. 

18. A method of using the interactive book reading system 
of claim 1, the method comprising the steps of: 

(a) detecting the human finger as the finger enters an RF 
field generated by the scanning circuit of the reading 
system; 

(b) outputting at least one of a plurality of stored audible 
messages based on an analysis of the RF field when the 
finger enters the RF field; and 

between the detecting and outputting steps, the steps of 
analyzing and first selecting from among a plurality of 
possible human finger presences detected at least gen 
erally simultaneously entering the RF field, a single 
possible human finger entry as a probable user input and 
further selecting based upon the probable user input, at 
least one of the stored audible messages. 

19. The method of claim 18 wherein the first selecting step 
further comprises selecting from among the plurality of pos 
sible human finger presences detected at least generally 
simultaneously entering the RF field, a single most northern 
point of detected RF field entry as the probable user input. 

20. The method of claim 18 wherein the first selecting step 
further comprises selecting as the user input, a single sensed 
possible human finger RF field entry that extends from and 
yet adjoins on one side of a cluster of the detected plurality of 
possible human finger RF field entry locations, wherein the 
single sensed possible human finger presence that extends 
need not be the single most northern possible human presence 
sensed. 

21. The method of claim 18 wherein the outputting step 
comprises instructing the user to make another selection if the 
system is unable to select the probable user input from among 
a plurality of possible human finger RF field entries detected 
at least generally simultaneously entering the RF field. 

22. The interactive book reading system of claim 1 wherein 
the first plurality of conductive lines are arranged as a plural 
ity of spaced apart column conductive lines extending 
between the northern and southern sides of the matrix and 
wherein the second plurality of conductive lines are arranged 
as a plurality of spaced apart row conductive lines generally 
perpendicular to the plurality of column conductive lines, and 
further comprising a signal generator configured to generate 
at a predetermined frequency, the RF signal input into the 
specific column conductive line and wherein the radio fre 
quency scanning circuit further comprises a bandpass filter 
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selected to pass to the control circuit only those coupled 
signals from the plurality of row conductive lines at the pre 
determined frequency. 

23. The interactive book reading system of claim 1 wherein 
the first plurality of conductive lines are arranged as a plural 
ity of spaced apart column conductive lines extending 
between the northern and southern sides of the matrix and 
wherein the second plurality of conductive lines are arranged 
as a plurality of spaced apart row conductive lines generally 
perpendicular to the plurality of column conductive lines, and 
wherein the memory is further configured to store a DC peak 
of the received RF signals from each of the column conduc 
tivelines for each row conductiveline and wherein the control 
circuit is configured to compare the stored DC peak of the 
received RF signals with a DC peak of the subsequently 
received RF signals from the same row conductive line-col 
umn conductive line pairs to locate a detected human figure 
with respect to the matrix. 

24. The interactive book reading system of claim 1 wherein 
the control circuit is further configured to: 

read and store values of cross-points of the matrix from an 
original scan without a human presence in the RF field to 
obtain a reference value for each cross-point of the 
matrix; and 

compare successive scans of values from the cross-points 
of the matrix with the reference values of the cross 
points to determine the proximity of a human finger. 

25. The interactive book reading system of claim 24 
wherein the control circuit is configured to analyze and select 
as a probable user input, a single probable human finger 
presence from among a plurality of possible human finger 
presences detected simultaneously by being configured to 
calculate a dynamic threshold of the matrix for each scan of 
the matrix after the initial reference value generating scan. 

26. The interactive book reading system of claim 25 
wherein the control circuit is configured to calculate the 
dynamic threshold by being configured to: 

difference a currently measured value from each cross 
point with the reference value of the cross-point togen 
erate a current difference value for each cross-point; 

determine a highest current difference value for each of a 
number of the row conductive lines scanned; 

sum together the highest current difference values for the 
number of row conductive lines scanned and divide the 
sum by the number to identify a dynamic threshold for 
the scan; 

identify current difference values of the scan greater than 
the dynamic threshold for the scan to identify each 
cross-point generating one of the identified current dif 
ference values as a probable human finger presence. 

27. An interactive book reading system responsive to the 
presence of a human finger through pages of a book, the 
system comprising: 

(a) a radio frequency (RF) scanning circuit configured to 
detect the presence and location of human fingers 
through multiple pages of a book when the fingers are 
within an RF field generated above the RF scanning 
circuit, the RF scanning circuit including a series of 
cross-points formed by a matrix of narrow trace width 
conductive lines arranged as a plurality of spaced apart 
column conductive lines on a first major side of an 
electrically insulative sheet and a plurality of spaced 
apart row conductive lines transverse to the plurality of 
column conductive lines on a second major side of the 
electrically insulative sheet opposite the first side, the 
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width of the conductive lines being minimized to reduce 
capacitive couple effect between the conductive lines at 
the cross-points; 

(b) a control circuit operatively connected with the plural 
ity of column conductive lines and the plurality of row 
conductive lines and wherein for each specific column 
conductive line (i) an RF signal is input into the specific 
column conductive line according to a predetermined 
input sequence as directed by a first coordinated control 
signal outputted by the control circuit, and wherein (ii) 
coupled RF signals received from the specific column 
conductive line by the plurality of row conductive lines 
are outputted according to a predetermined output 
sequence as directed by a second coordinated control 
signal outputted by the control circuit; 

(c) a sensor memory in communication with the RF scan 
ning circuit and the control circuit so as to store one or 
more characteristics of the coupled RF signal from each 
cross-point; 

(d) a content memory in communication with the control 
circuit and storing a plurality of audible messages asso 
ciated with content of the book; 

(e) an audible output device in communication with the 
control circuit, wherein the audible output device out 
puts at least one of the audible messages from the con 
tent memory based on an analysis of the RF field of each 
cross-point performed by the control circuit on the 
coupled RF signal characteristics stored in the sensor 
memory when the finger enters the RF field; and 

(f) a dielectric spacer 0.06 inches or more thick positioned 
over the scanning circuit so as to separate at least a 
plurality of pages of a book positioned on the spacer 
from RF scanning circuit beneath the spacer and reduce 
effect of moisture on the sensitivity of the matrix; and 

wherein the scanning circuit detects human finger pres 
ences away from the matrix and spacer and above the 
plurality of pages through the plurality of pages and the 
Spacer, 

wherein the control circuit is configured to analyze and 
Select as a probable user input a single probable human 
finger presence from among a plurality of possible 
human finger presences detected simultaneously by the 
Scanning circuit; 

wherein the first plurality of conductive lines are arranged 
parallel to one another and the second plurality of con 
ductive lines are arranged parallel to one another; 

wherein the matrix has a preferred orientation with a side 
most proximala user designated as a Southern side of the 
matrix and a side opposite from and most distal to the 
user and to the Southern side designated as a northern 
side of the matrix; and 

wherein the control circuit is configured to select from 
among the plurality of possible human finger presences 
sensed simultaneously by the scanning circuit, a single 
most northern possible human finger presence as the 
probable user input. 

28. The interactive book reading system of claim 27 
wherein: 

the control system is further configured to select from the 
plurality of possible human finger presences detected by 
the scanning array as the probable user input one of at 
least two of the possible human finger presences sensed 
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by the scanning array to be most northern of all the 
plurality and at least approximately equally most north 
ern on the matrix. 

29. An interactive book reading system responsive to the 
5 presence of a human finger through pages of a book, the 
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system comprising: 
(a) a radio frequency (RF) scanning circuit configured to 

detect the presence and location of human fingers 
through multiple pages of a book when the fingers are 
within an RF field generated above the RF scanning 
circuit, the RF scanning circuit including a series of 
cross-points formed by a matrix of narrow trace width 
conductive lines arranged as a plurality of spaced apart 
column conductive lines on a first major side of an 
electrically insulative sheet and a plurality of spaced 
apart row conductive lines transverse to the plurality of 
column conductive lines on a second major side of the 
electrically insulative sheet opposite the first side, the 
width of the conductive lines being minimized to reduce 
capacitive couple effect between the conductive lines at 
the cross-points; 

(b) a control circuit operatively connected with the plural 
ity of column conductive lines and the plurality of row 
conductive lines and wherein for each specific column 
conductive line (i) an RF signal is input into the specific 
column conductive line according to a predetermined 
input sequence as directed by a first coordinated control 
signal outputted by the control circuit, and wherein (ii) 
coupled RF signals received from the specific column 
conductive line by the plurality of row conductive lines 
are outputted according to a predetermined output 
sequence as directed by a second coordinated control 
signal outputted by the control circuit; 

(c) a sensor memory in communication with the RF scan 
ning circuit and the control circuit so as to store one or 
more characteristics of the coupled RF signal from each 
cross-point; 

(d) a content memory in communication with the control 
circuit and storing a plurality of audible messages asso 
ciated with content of the book; 

(e) an audible output device in communication with the 
control circuit, wherein the audible output device out 
puts at least one of the audible messages from the con 
tent memory based on an analysis of the RF field of each 
cross-point performed by the control circuit on the 
coupled RF signal characteristics stored in the sensor 
memory when the finger enters the RF field; and 

(f) a dielectric spacer 0.06 inches or more thick positioned 
over the scanning circuit so as to separate at least a 
plurality of pages of a book positioned on the spacer 
from RF scanning circuit beneath the spacer and reduce 
effect of moisture on the sensitivity of the matrix; and 

wherein the Scanning circuit detects human finger pres 
ences away from the matrix and spacer and above the 
plurality of pages through the plurality of pages and the 
spacer, and 

wherein the control system is further configured to select 
from the plurality of possible human finger presences 
detected by the scanning array as the probable user input 
one of at least two of the possible human finger pres 
ences sensed by the scanning array to be most northern 
of all the plurality and at least approximately equally 
most northern on the matrix. 

k k k k k 


